INTRODUCTION
Jasmonic acid (JA) activates plants' self-defensive systems including the induction of protease inhibitors and various secondary metabolites. 1, 2) Recent studies have shown that plants such as lima beans and corn emit volatiles as a chemical defense, and the emission is under the control of octadecanoid signaling compounds, including JA. [3] [4] [5] [6] In rice plants, it has been shown that JA induces the emission of volatiles such as linalool and a-copaene from the leaves. 7) Although the role of the volatiles from rice leaves is still unclear, it is possible that they might activate disease resistance in neighboring leaves, or play important roles as herbivore-induced volatiles as proposed in lima beans. 3) Derivatives of JA have been found in plants, including sugar conjugates and amino acid conjugates. 8) Tuberonic acid, a JA analogous compound with a glucose moiety, has been isolated as a tuber-inducing compound from potato. 9) Amino acid conjugates of JA are thought to work as derivatives of JA in the octadecanoid signaling pathway as well as free JA. 10) An important role for amino acid moieties in the conjugates of JA has been shown in the emission of volatiles from lima bean. 10) In rice plants, [N-
-jasmonoyl]-L-valine have been shown to elicit sakuranetin production, 11) and conjugates of JA increase in rice leaves stressed by wounding. 12) In previous studies, it was notable that these conjugates consist of JA and a single amino acid. Since the amino acid moieties of the conjugates of JA would play an important role in the activities as discussed, 10, 11) we speculated that different types of conjugates of JA also might be active. Thus we designed a conjugate of JA with a dipeptide, i.e. a dipeptide conjugate of JA, and investigated its activity. Here, we describe the preparation of [N-(Ϫ)-jasmonoyl]-alanylleucine and its activity in rice leaves.
MATERIALS AND METHODS

Chemicals
Racemic JA was prepared as described previously. 13) Successive enantiomeric separation 14) gave (Ϫ)-JA ([a] 20 D ϭϪ81.6°(cϭ0.5, CH 3 OH)), which was used for experiments. Dipeptides (L-alanyl-L-leucine and D-alanyl-L-leucine) were purchased from Sigma Chemical Co., St. Louis, Mo. USA.
Synthesis
Proton and 13 C-NMR spectra were recorded using a JEOL ECP-400 in CD 3 OD with tetramethylsilane as an internal standard. Mass spectra were recorded using a PE-CIEX API-2000 Mass Spectrometer with an electro-spray ionization (ESI) source. Values of optical rotation were recorded with a JASCO Polarimeter P-1020.
Preparation of [N-(Ϫ)-jasmonoyl]-L-alanyl-L-leucine
To a THF solution (20 ml) containing (Ϫ)-JA (290 mg, 1.4 mM) and triethylamine (220 mg, 2.2 mM), isobutyl chloroformate (220 mg, 1.6 mM) was added at 0°C. After 30 min the percipitate was filtered off, and the filtrate was added to a THF solution (10 ml) containing L-alanyl-L-leucine lithium salt (1 g, 4.8 mM) and triethylamine (220 mg, 2.2 mM) at 0°C. After stirring overnight at room temperature, the mixture was concentrated.
Water (20 ml) was added to the residue and acidified to pH 3 with HCl. The solution was extracted with chloroform (20 mlϫ3), and the combined organic layer was concentrated. The residue was subjected to silica gel column chromatography (CHCl 3 : EtOAc : AcOHϭ14 : 6 : 1) to give an oily product. The product was crystalized from EtOAc and n-hexane to give [N-(Ϫ)-jasmonoyl]-Lalanyl-L-leucine as a colorless powder (380 mg, 70% yield). 1 
Bioassay
The treatment of rice leaves and analysis of volatiles were performed as described as previously. 7, 15) The analysis of sakuranetin in rice leaves was conducted as reported in a previous study. Table 1 ). The emission of linalool was strongly enhanced to 1.5 ng / sample tube (equivalent of n-octane as an internal standard) in the treated rice leaves after 6 hr in comparison to racemic JA as a positive control. 15) Linalool accounted for over 90% of the volatiles emitted by [N-(Ϫ)-jasmonoyl]-L-alanyl-L-leucine, and its profile was the same as that by JA. 15) During the incubation with both compounds (6 hr), no phytotoxic damage including senescence was observed. In contrast, [N-(Ϫ)-jasmonoyl]-D-alanyl-L-leucine induced no volatile emission, suggesting that the natural L-amino acid is essential for the emission. This result is consistent with the finding that none of the conjugates containing unnatural amino acids were able to induce the production of volatiles with a JA analog in lima bean.
16)
RESULTS AND DISCUSSION
We prepared [N-(Ϫ)-jasmonoyl]-L-alanyl-L-leucine which includes
10)
Both conjugates of JA were proved to be stable against breakdown into free JA over 48 hr (1 mM solution in water at 25°C) by LC-MS analysis (data not shown), therefore free JA from the conjugate might not contribute to the emission. But it remains to be considered whether free JA yielded by enzymatic hydrolysis induces the emission, and the possibility should be verified independently in a future study. It is also possible that [N-(Ϫ)-jasmonoyl]-L-alanine yielded by enzymatic or nonenzymatic hydrolysis might induce the emission. N-(Ϫ)-jasmonoyl]-L-alanine has been shown to be active in momilactone A production and PALinducing activity, 18) and it will be necessary to investigate the activity of N-(Ϫ)-jasmonoyl]-L-alanine together with other conjugates of JA with a single amino acid for volatile emission activity.
showed elicitor activity for sakuranetin production after 48 hr treatment with 1 mM solution in water, while racemic JA showed strong activity at 100 mM as a positive control (data not shown). It is probable that [N-(Ϫ)-jasmonoyl]-L-alanyl-L-leucine was active in only emission, because the system inducing the emission of volatiles was speculated to be different from that inducing production of sakuranetin.
Although the roles of free JA and its early biosynthetic precursors including 12-oxo-phytodienoic acid have been established, 19) less information has been obtained about derivatives of JA. 
